Abstract Anesthesia information management systems (AIMS) are rapidly gaining widespread acceptance. Aggressively promoted as an improvement to manual-entry recordkeeping systems (MERS) in the areas of accuracy, quality improvement, billing and vigilance, these systems record all patient vital signs and parameters, providing a legible hard copy and permanent electronic record. Concern exists that the practitioner may be less vigilant unless this data is recorded manually. This study's purpose was to determine if vigilance, as measured by the ability to recall important data, is influenced by the method of recordkeeping. This study analyzed differences in the accuracy of Certified Registered Nurse Anesthetists' (CRNAs) recall of specific patient variables during the course of an actual anesthetic case. CRNAs using AIMS were compared to CRNAs using MERS. Accuracy of recalled values of 10 patient variables was measured: highest and lowest values for heart rate, systolic blood pressure, inspiratory pressure, and end-tidal carbon dioxide levels, lowest oxygen saturation and total fluid volume. Four tertiary care facilities participated in this research; two of which used MERS, two utilized AIMS. A total of 214 subjects participated in this study; 106 in the computerized recordkeeping group, and 108 in the manual entry recordkeeping group.
Introduction
In the United States, each of the over 50 million anesthetics administered yearly generates a detailed record of vital signs, medications, and events of the surgery or procedure [1] . Based upon monitoring standards established in 1986, and adopted by both the American Society of Anesthesiologists and the American Association of Nurse Anesthetists, anesthesia providers document oxygenation, ventilation, circulation, and temperature [2] . Initially developed as a means to improve individual practice, the creation of a record of events and techniques of anesthesia has been in existence since 1894 [3] (See Fig. 1 ). Electronic methods of recordkeeping were proposed as early as 1929 in an effort to reduce the workload of the anesthesia provider while preserving the accuracy of the record [4] (See Fig. 2 ). Automation of anesthesia documentation increased as computing technology expanded, with claims of enhanced time management [5] , improved data collection for quality improvement [6] , and superior capture of billing elements [7] . These claims were met with concerns of potential malpractice liability [8] , significant financial investment [9] , increased complexity of tasks [10] and decreased vigilance related to a decrease in attentiveness to the patient and monitors [11] . Studies analyzing vigilance and workload indicated no significant differences between the two methods [12] [13] [14] . Many of these studies prove to have significant flaws, such as small sample size or methodological errors [12, 13] , or failure to account for extraneous variables such as the effect of expectancy with the use of vigilance tasks [13, 15] .
This study sought to improve upon the experiments of the past and examine the effect of different methods of recordkeeping on the accuracy of practitioners' memory. In an attempt to explore the attention of anesthesia providers, the accuracy of practitioners' recall of specific vital signs, parameters and events by anesthesia providers utilizing AIMS and manual entry recordkeeping systems (MERS) was assessed during the delivery of an anesthetic. The primary purpose of this research was to analyze the anesthesia providers' accuracy in recalling patient data when using manual entry recordkeeping systems (MERS) or a computerized record generated by an AIMS. The project sought to answer the research question: Do anesthesia providers using AIMS recordkeeping demonstrate equivalent recall accuracy of specific patient variables, as compared with anesthesia providers using a MERS?
Methods
Certified registered nurse anesthetists (CRNAs) participate in the administration of more than 30 million of the more than 50 million anesthetics delivered each year [16] . For each anesthetic administered, a detailed record is generated [4] that includes vital signs, medications, and events of the surgery or procedure. Patients are monitored according to standards published by both the American Society of Anesthesiologists and the American Association of Nurse Anesthetists (AANA). These standards detail the vital signs and parameters that must be recorded by an anesthesia provider to document the monitoring of oxygenation, ventilation, circulation, and temperature [17, 18] . Since the development of the standards, the overwhelming majority of anesthesia providers have recorded this data manually on pre-printed forms. This form of manual entry recordkeeping (MERS) persists in more than 90 % of anesthesia practices [19] . Anesthesia information management systems (AIMS) are reported to be utilized in 5-10 % of hospitals across the United States [20] . One manufacturer of anesthesia delivery systems and monitors, Drager Medical, states that the Innovian Ò AIMS is in place in over 130 hospitals across the United States, and is used by more than 7,000 practitioners world-wide [21] .
Population and recruitment
Following Investigational Review Board (IRB) approval, a convenience sample was drawn from a population of over 200 CRNAs employed by 4 facilities in Central and Northern Virginia (See Table 1 ). All subjects were randomly selected on each day of data collection, based upon their assignment to patients and anesthetic cases that fit inclusion criteria determined a priori including: greater than 90 days of employment at facility, general, endotracheal anesthesia, data collection during maintenance phase of anesthetic, a hemodynamically stable patient, and greater than 30 min of constant attendance with the patient by the subject. The researchers did not influence the assignment of CRNAs to cases. All subjects were given a brief overview of the study, and allowed to decline participation. Data collection was conducted as efficiently as possible, in order to maximize the number of providers while limiting the threat of maturation to the group [22] . Completion of the survey instrument was anonymous, with no identifying marks or variables collected from either the subject or the patient. Total sample size after all three repeated measurements were complete was 214 subjects, far in excess of the 175 subjects required by our a priori power analysis for a Beta of 0.8 and a calculated p \ 0.05.
Instrument
A standardized instrument was developed based upon previous research [14, 23] , to evaluate the accuracy of anesthesia providers' recall when recordkeeping with AIMS or MERS. Ten questions were developed, asking practitioners to recall specific data for highest and lowest heart rate (HR), highest and lowest systolic blood pressure (SBP), highest and lowest end-tidal carbon dioxide (ETCO 2 ), highest and lowest inspiratory pressure (IP), lowest oxygen saturation (SpO 2 ), and total fluid volume administered, all within the last 30 min of the case. Use of the 30 min time interval was selected to ensure measurement of recall during part of the maintenance phase of the anesthetic, a documented time of reduced workload [15, 23, 24] . A team of experts consisting of an epidemiologist, an anesthesiologist responsible for the selection and implementation of an AIMS at a metropolitan medical center, an anesthesiologist with expertise in AIMS development and implementation, a PhD practitioner with expertise in informatics, and a cognitive psychologist reviewed the instrument and justifications for the selected questions to establish face validity.
Data collection
To collect the data, a trained observer, who was a qualified anesthesia provider, approached each anesthesia provider, gave a brief description of the project, instructions for completion of the recall accuracy instrument, and requested a verbal consent. Once consent was obtained, the subject was asked to briefly turn away from the monitors to complete the instrument with values from memory. Both the subject and the trained observer remained in constant attendance with the patient. The trained observer accessed the electronically archived vital signs from the anesthesia monitoring system, and values for each variable were recorded based upon trended data from the previous 30 min, displayed in 5 min intervals. Through the series of repeated measurements, a total of 214 instruments were collected, with 108 instruments from practitioners utilizing MERS, and 106 from practitioners utilizing AIMS.
Review of methodology
Sites were selected based upon the method of anesthesia recordkeeping utilized at each facility, uniformity of number and experience of anesthesia providers, complexity of anesthetic cases, as well as volume of anesthetic procedures. Two sites utilized MERS, and two sites used an AIMS. Data collection was conducted over as few days as possible to achieve a maximum sample size, while limiting the threat of maturation and participant discussion among themselves [22] . Completion of the survey instrument was anonymous, with no identifying marks or variables collected from either the subject or the patient. Total sample size after all three repeated measurements were complete was 214 subjects, in excess of the recommended sample size of 175 subjects determined by a priori power analysis.
Results
Data was analyzed with a multivariate analysis of covariance, (MANCOVA), to determine which (if any) dependent variables (DVs) were affected by the method of recordkeeping. Assumptions of MANCOVA were met, and covariates were analyzed to establish homogeneity. A criticism of previous studies comparing AIMS and MERS has been a lack of homogeneity of subjects and complexity of anesthetic cases. To address this criticism, analysis of the covariates (gender, age, years of experience, length of employment, years of experience with method of recordkeeping, and patient ASA classification) was conducted and found to be homogenous, with the exception of gender. The covariate of gender was found to be heavily skewed toward the female gender, primarily as a result of subjects participating from one site. Of a total of 64 subjects from this site, only 5 subjects were male. Overall, 63 subjects were male, and 151 were female. Data analysis was then conducted between subjects utilizing AIMS recordkeeping and those utilizing MERS over a total of 10 dependent variables (DVs). These dependent variables were: high and low heart rate, high and low systolic blood pressure, high and low end-tidal carbon dioxide levels, low oxygen saturation, high and low inspiratory pressure, and total fluid volume administered. All DVs were determined to have homogeneity of variance ( Table 2) . Pairwise comparisons between the two groups were found to be non-significant for all DVs (Table 3 ). An additional test, Pillai's trace (the most robust test to identify violations of the assumptions of MANCOVA), was conducted, and also found to be non-significant. Individual univariate tests were conducted on all of the DVs, and were also found to be non-significant.
Discussion
Many studies have attempted to define the superiority of AIMS or MERS, through the examination of vigilance, accuracy, completeness, enhanced capture of billing elements and cost containment, medico-legal protection of anesthesia practitioners, and quality improvement [12-14, 23, 25-27] . Beyond research, opinions have fueled controversy based upon experiences and assumptions that may or may not be based on fact [28] [29] [30] [31] [32] . The area of enhanced legibility of an anesthetic record produced by an AIMS has been well accepted [8, [33] [34] [35] [36] [37] [38] . The benefits of an AIMS for the purposes of quality improvement and enhanced capture of billing elements have also been well received by the anesthesia community [9, [39] [40] [41] [42] [43] [44] [45] [46] .
Other elements of the anesthetic record have proven to be more controversial. The concepts of accuracy and vigilance have produced strong and conflicting opinions [28-32, 47, 48] . The concern of artifact or erroneous data, especially when seen as a potential risk of exposure to medical malpractice suits has been an issue since the first inception of AIMS [8, 25, 33, 34, 37, 38, [49] [50] [51] [52] [53] [54] . The effect of the method of recordkeeping on vigilance of the anesthesia provider has been studied by multiple authors [12, 13, 15, 26, 27, 55, 56] . Paget et al. [26] defined many of the impediments to vigilance in the anesthesia provider. Kay and Neal [27] suggested that use of automated systems-automated blood pressure devices-may result in a decrease in vigilance in anesthesia providers. Weinger and Englund [55] called for automation, but with ''intelligence,'' in the form of alarms and visual alerts to call attention to deviation from normative values. Weinger and Loeb [13, 15, 57] attempted to directly study the vigilance of anesthesia residents through the use of a ''vigilance task'' and a second anesthesia provider to act as a scribe. Loeb's research was criticized by Woods et al. [56] , who indicated that a ''scribe'' was another human anesthesia provider who could participate in the delivery of anesthesia. The authors contended that a computerized recordkeeping system could not participate in anesthesia delivery, either through direct action or by approval of the actions of the subject. Neither Weinger nor Loeb identified the possibility of an expectancy effect in the conduction of the vigilance task [13, 15, 57] . Thrush [12] examined accuracy of data recorded by anesthesia providers using AIMS and those using MERS. This research claimed definitive results in favor of superior accuracy of practitioners using an AIMS, yet was subject to some methodological flaws such as small sample size and data collection from dissimilar cases.
In spite of such controversy, potential benefits of computerized systems have resulted in the call for increased adoption [58] . The advancement of computing technology, the effort to standardize medical terminology and electronic records, and the potential cost savings of consolidating all areas of medical care into a single system, all serve to support the claim that AIMS are ''poised to revolutionize anesthesia care'' [19] . The United States government has strengthened the call for more advanced technology to be applied to the health care field, and specifically to medical recordkeeping [59] . While obstacles to this goal echo many of the concerns of anesthesia providers regarding AIMS, financial incentives for physicians, medical practices, and hospitals included in the recent $19 billion economic stimulus package may serve to further increase adoption of computerized systems, including AIMS [59] .
Limitations
Justification for each of the DVs was presented and reviewed by a panel of experts during the process of establishing face validity of the instrument to be used for data collection. Data collection at multiple sites is both strength and a limitation of the study. Multiple sites enhance the external validity of the research, but also predispose the study to the threat of selection. Each aspect of this threat was controlled by the analysis of demographic data about subjects (age, gender, years of experience, length of employment at facility, and length of experience with method of recordkeeping) as covariates and an additional variable ''site'' for homogeneity of variance. Homogeneity of variance was confirmed for all covariates as well as for the sites, reducing the threat of selection. To address the threat of expectancy (the Hawthorne effect) waiver of informed consent was approved by all of relevant Institutional Review Boards, as a detailed explanation of the study provided in advance to all potential subjects would have introduced this threat. Practitioners were not informed of the dates or times of data collection, and the researcher did not attempt to influence the assignment of individual subjects to particular dates or cases. This approach also minimized the potential threat of maturation on the internal validity of the study. As an additional measure, significant time was allowed to elapse between sampling periods. During each sampling period, data was collected as efficiently as possible to further reduce the threat of expectancy.
Effect size
Based upon the lack of a theoretically well-defined effect size and the inability to discern an effect size from the published research, a ''moderate'' effect size (0.3) was chosen for a priori calculations of power analysis. Analysis of the data collected by this study indicate that a more appropriate effect size for the evaluation of accuracy of recall of patient variables is considerably less than this value. Results of this research indicate that the size of the effect of method of recordkeeping on the accuracy of recall of practitioners is extremely small, and future research in this area should account for this value when conducting calculations of power analysis and recommended sample size.
Recommendations for future research
Assessment of the accuracy of recall of patient variables has many potential implications for future research. The instrument developed for this study may be used to measure the effect of fatigue on anesthesia providers, by the comparison of recall accuracy of providers at various points in time throughout the day or night. Measurement of nurse anesthesia students or anesthesia residents at varying points of their education may provide information on the theory of skilled memory, as these practitioners develop from novice to expert in the field. Alteration in the elapsed time for recall, through measurements of 30, 60, 90, or 120 min could offer insight into the length of time that patient variables may be accurately recalled by practitioners using either form of recordkeeping. Assessment of recall accuracy at facilities who are planning an implementation of an AIMS at intervals prior to implementation, and at 6 months and 1 year following implementation may produce enlightening results.
Concluding remarks
This research was conducted in response to the controversial claims of superiority of AIMS over MERS, particularly in the area of accuracy and vigilance through attentiveness to monitors and anesthetic record. This study, adequately powered and indicative of an exceedingly small effect size calculated post hoc, gives strong evidence for the absence of any effect of the method of recordkeeping on the vigilance of the practitioner. At the conclusion of data analysis, the null hypothesis was accepted, indicating no significant difference between practitioners' recall of patient variables when utilizing AIMS or MERS. Results of this research support the belief that attentiveness may be maintained by practitioners utilizing AIMS, and handwritten records are not necessary to achieve this same level of ''connectedness,'' and therefore vigilance, to the anesthetic case.
